Allowing for realistic uncertainties in input parameters, we demonstrate that the present CLEO limit of 5.4 × 10 −4 for inclusive b → sγ decay does not yet fully exclude the t → bH + decay possibility in supersymmetric type of two Higgs doublet models. Combined with direct search for t → bH + via H + → τ + ν at the Tevatron, we conclude that tan β ∼ 1 is the "allowed" window for m H + < m t < M W . The possibility becomes excluded, however, if the CLEO limit is pushed below 4 × 10 −4 .
Introduction.
The CDF Collaboration at Fermilab has recently announced [1] the observation of dilepton and single lepton signals. If confirmed, the conservative interpretation is the production of tt pairs, with top quark mass of order 174 GeV as suggested by event kinematics. It has been pointed out [2] , however, that these top-like signals may in fact be due to new heavy quarks rather than the top quark. The actual top quark, defined to be the weak doublet partner of the bottom quark, may have slipped through detailed scrutiny so far, and could still be hiding below M W via scalar induced decays. The reason is as follows. If m t ∼ < M W , scalar induced two body decay modes may dominate the top decay rate, allowing the top quark to evade earlier search efforts by suppressing the semileptonic top decay branching ratio (BR) into electrons or muons. If such is the case, we have interesting physics in store for us for next few years, especially when LEP-II turns on [2] : a light top quark, plus scalars bosons that are even lighter, together with new quarks that have mass of order weak scale. The scenario is also appealing in the sense that it involves heavy fermions (top) and scalar bosons in the picture at tree level.
Two possibilities are offered in ref. [2] for "hidden truth" below M W : t → bH + followed by H + → cs as dominant H + decay mode, and flavor changing neutral coupling (FCNC) induced t → ch 0 decay (h 0 is lightest neutral scalar) followed by h 0 → bb. They are not disallowed by any known constraint. The first possibility is realized [3] in a general class of two Higgs doublet model (2HDM), usually called Model I, where
The second possibility is realized [4] in a generic 2HDM that does not respect the Natural Flavor Conservation (NFC) condition proposed by Glashow and Weinberg. These two possibilities are rather interesting in their own right, but appear to be somewhat exotic. A third, more popular [5] possibility, the so-called Model II of 2HDM, and often referred to as the SUSY-type 2HDM, seems to be ruled out by CDF via direct search [6] for t → bτ + ν, and indirectly by the powerful CLEO bound [7] on inclusive radiative decay,
It is often said [8] 
where tan β = v 2 /v 1 is the ratio of vev's of the two Higgs doublet fields. The usual prejudice is that tan β ∼ m t /m b , and is therefore large. This leads to the expectation that
is dominated by tan 2 β term and therefore H + → τ + ν is the dominant decay. Note, however, that when tan β is small compared to m c /m s , R τ /c becomes very small and H + → cs is the dominant mode.
The CDF collaboration has searched [6] for t → bH + in the domain
via the τ ν signature. From Fig. 3 of ref. [6] , we see that for BR(H → τ ν) = 1 they rule out almost the entire region. The excluded region quickly diminishes, however, as B(H → τ ν) drops. For BR(H → τ ν) = 0.5, the limit has all but disappeared. Translating into tan β for the SUSY-type model, one sees (Fig. 4 of ref. [6] ) that, for
the entire region of eq. (5) is allowed, but large tan β is ruled out. Thus, the CDF result still allows for the unconventional possibility that tan β ≪ m t /m b .
Implications of b → sγ Constraint. Much interest [9] has centered around the 1993 CLEO limit [7] on inclusive b → sγ decay, eq. (2). It has been claimed [8] that this limit rules out m H + < m t option altogether in the SUSY-type 2HDM, so t → bH + would be forbidden by this constraint alone. Subsequent work have emphasized that, although the constraint is rather strong, theoretical uncertainties [10] and effects of SUSY partners [11] may loosen the constraint such that t → bH + is not completely disallowed. We will not discuss the effects of SUSY particles, assuming that they are small (or, we deal with a MSSM inspired scalar sector, without necessarily invoking SUSY per se). None of the above authors, however, have explored the m t < M W region, in large part because of blind faith in the old CDF limit of m t > 91 GeV. But we have argued in the introduction that one has to be careful in this domain because of t → bH + dominance over t → bW * . We now turn to making an analysis of b → sγ for light top possibility, using state of the art QCD correction factors, but allowing for theoretical and experimental errors, in the spirit of Buras et al. [10] . Since details can be found more than abundantly in the literature, we shall be concise in our treatment.
The standard technique in reducing uncertainties is to pin BR(b → sγ) to inclusive semileptonic decay. One has the formula,
where quantity Ω(x) contains the O(α S ) QCD corrections to the semileptonic decay rate [12] and is given by
The scheme-independent numbers a i and b i are given in ref. [13] .
In Model II (SUSY-type 2HDM), one finds [14,15]
where
H + , and
Note that both the second and third terms of eq. (10) are due to H + induced loop diagrams (h-dependent). For third term, the H + coupling proportional to m t enters twice, hence it has two powers of cot β. For second term, the H + coupling proportional to m t and m b mutually balance each other, such that no tan β dependence is left. The reason that b → sγ is so powerful in constraining SUSY-type Higgs sector is first due to the relative sign between W and H + effects, being always constructive, and second because of this tan β-independent term, such that H + effect is always present even for small cot β, and is small only when m H + is large compared to m t . This effect was originally pointed out by Hou and Willey [14] , and independently by Grinstein and Wise [15] , and has been utilized in the work of Hewett [8] as the limits by CLEO sharpened in the past few years.
We wish to explore the allowed region of eq. (5) 
and assume three generation KM unitarity. For α S (µ), we run down from α S (M Z ) using the leading logarithmic approximation where
with β 0 = 11 − The allowed region is now considerably expanded, as shown in Fig. 1(b) . We show in Fig. 2 the allowed domain in m H + /m t − tan β plane for m t = 60, 70, 80 and 90 GeV. In this parameter space, the distinction between central value and 2σ error is not very significant, and what is shown is for the latter. For central value, the curves shift slightly to the right, demanding a larger tan β. We conclude that m H + ∼ < m t ∼ < M W is not totally excluded by CLEO bound of eq. (2), if
Smaller tan β leads to larger enhancements of b → sγ rate, as is seen from eq. (10), and is thereby excluded.
However, due to the convergence of curves for tan β > 1, and because of the proximity of the curves to the m t = m H + m b line, the result of eq. (14) is quite sensitive to the limit on B(b → sγ). We illustrate in Fig. 3 how the constraint changes if the CLEO limit is pushed down to 4 × 10 −4 . It is clear from Fig. 3 and NSC-83-0208-M-007-117 (P.T).
